This study extends our previous work by examining the effects of alpha2-adrenoceptors under cold stimulation involving the increase of myogenic vascular oscillations as increases of very-low-frequency and low-frequency of the blood pressure variability. Forty-eight adult male Sprague-Dawley rats were randomly divided into four groups: vehicle; yohimbine; hexamethonium+yohimbine; guanethidine+yohimbine. Systolic blood pressure, heart rate, power spectral analysis of spontaneous blood pressure and heart rate variability and spectral coherence at very-low-frequency (0.02 to 0.2 Hz), low-frequency (0.2 to 0.6 Hz), and high-frequency (0.6 to 3.0 Hz) regions were monitored using telemetry. Key 
Introduction
Acute immersion of the limbs of a conscious rat into 4°C water induces pressor and tachycardia reactions. Cooling-elicited hemodynamic perturbations exemplify an ideal model for evaluation of autonomic cardiovascular regulation (Robertson et al. 1979 , Velasco et al. 1997 . It is characterized by hemodynamic instability (irregular blood pressure, heart rate, and cardiovascular oscillations), an initial vasoconstriction followed by vasodilatation and a secondary progressive vasoconstriction, thereby providing greater blood flow and tissue perfusion to the cooled areas to avoid damage, as first described by Lewis (Lewis 1926 , Daanen 2003 .
The interplay between the initial vasoconstriction and subsequently evoked vasodilatation during prolonged cooling is complex. Intact sympathetic and sensory functions as well as ensuing compensatory baroreflex and releases of humoral substances are known involving the cooling-elicited hemodynamic perturbations (Folkow et al. 1963 , Daanen 2003 Spectral analysis of blood pressure variability (BPV) and heart rate variability (HRV) using frequency domain approaches has been widely applied to investigate the oscillations of hemodynamic parameters manifested the baroreflex control of cardiovascular homeostasis (Akselrod et al. 1985 , Japundzic et al. 1990 , Pagani et al. 1996 , Stauss 2007 , Di Rienzo et al. 2009 , Novakova 2013 . Cardiovascular conditions common to dysautonomia usually display a bad prognostic sign with excessive BPV and weakened HRV.
In our previous studies, we used telemetry in conscious rats for measuring power spectral density and coherence relationship between BPV and HRV of cooling elicited hemodynamic perturbations found new and exciting results. We theorized that very-low-frequency BPV (VLF BPV ) power might reflect the myogenic vascular responsiveness to a cold stimulation trial (Liu et al. 2015a , Liu et al. 2015b , Liu et al. 2015c . We also observed sympathetic activation and vasoconstriction increased the low-frequency BPV (LF BPV ) and subsequent VLF BPV powers owing to the activation of 2-ADRs (Liu et al. 2015d) . To clarify the significance of 2-ADRs in the progression of cooling elicited hemodynamic perturbations, we compared by using a rather selective antagonist, yohimbine (YOH), to the superimposition of sympathetic removal using ganglion blocker (HEX) or chemical sympathectomy guanethidine (GUA) in the present study (Liu et al. 2015a , Liu et al. 2015c ).
Material and Methods

Animals
Adult male Sprague-Dawley rats weighing between 300 and 350 g were received at the Laboratory Animal Center (LAC) of the National Defense
Medical Center (NDMC, Taiwan) one week before the experiments. The experiments were performed according to a protocol approved by the Institutional Animal Care and Use Committee (IACUC) of NDMC. All efforts were made to keep the number of animals used as low as possible and to minimize animal suffering during the experiments. All rats were housed in a temperature-and humidity-controlled holding facility with a 12-hour light/dark cycle (lights on from 07:00 to 19:00) maintained by manual light control switches as required by the experiment. It took 1.5 hours to complete the test of a rat. Eight rats were tested daily with four rats being tested at the same time every day. Total experiments were performed between 08:30 and 11:30.
Experimental protocols and cooling procedure
The timing of the experimental protocols is shown in Fig. 1 . The rats were randomly divided into four experimental groups for treatment with a similar stressful cooling procedure. The control group rats were given the vehicle (0.9% NaCl, n=12) for baseline comparisons, and the other three groups of rats were given the 2-ADR antagonist (YOH, n=12) alone or with the superimposition of HEX (HEX+YOH, n=12) 
Surgical intervention and spectrum signal acquisition and processing
A telemetry transmitter was implanted intra-abdominally into each rat under anesthesia (sodium pentobarbital, 50 mg/kg). The experiments were initiated after the rats had fully recovered from surgery (7 days). The systolic blood pressure signal processing and spectral and cross-spectral analyses were adopted from our previous study (Liu et al. 2015b) . Briefly, the spectral indices of the hemodynamic oscillations were computed independently to obtain the total power (0.00 to 3.0 Hz, TP) and three major frequency regions: ) exceeded 0.58 within a frequency range, the two signals were considered to covary significantly at that frequency.
Statistics
The statistical analyses were conducted with SPSS 18.0 for Windows (Chicago, IL, USA). The homogeneity of the variance was first confirmed using the Kolmogorov-Smirnov test. Data were then analyzed by the multiple way of analysis of variance (ANOVA) with a within-subject factor, "Trial" (three conditions: PreCS, CS, and PostCS) and a between-subject factor, "Group" (four treatments: Control Vehicle, YOH, HEX+YOH, and GUA+YOH).
Subsequent Tukey post hoc test was used to assess the differences in within-subject and between-subject data and Student's t-test was used to compare the differences between with and without Dn data for the various treatment options, respectively. Univariate correlations were calculated using
Pearson's correlation analysis to provide the associations between selected frequency bands. The results are expressed as the mean ± standard error of mean (SEM). The statistical significance of probability level was set at 0.05.
Results
Typical examples of the arterial blood pressure tracings are shown in Fig. 2 .
Averaged data are shown in Fig. 3 -5.
Responses of systolic blood pressure, heart rate, and dicrotic notch appearance to different treatment groups of rats throughout the experiment course
As shown in Fig. 3 A, when compared to the control vehicle, inhibition of 2-ADR by YOH alone has increased heart rate but did not affect systolic blood pressure before and after the cold stimulation (PreCS and PostCS). On the contrary, YOH alone rather prevented systolic blood pressure increase but not heart rate induced by the stressful cooling challenge (CS). When compared CS with its counterparts (PreCS or PostCS), YOH alone has decreased the control cooling-induced pressor and tachycardia responses. On the other hand, when compared to HEX+YOH or GUA+YOH during PreCS and CS, the effects on systolic blood pressure and heart rate by YOH alone were attenuated by HEX+YOH and also by GUA+YOH. When compared CS with its counterpart of PreCS or PostCS, the effects of attenuation of control cooling-induced pressor and tachycardia responses by YOH alone were further attenuated by HEX+YOH and also by GUA+YOH. In addition, the effect of cooling-induced pressor by YOH was reversed into a cooling-induced depressor status by GUA+YOH.
When compared to the control vehicle of all experimental conditions (Fig. 3 B), both YOH alone and HEX+YOH, in general, caused the dicrotic notch disappeared, whereas GUA+YOH, it is observable.
Comparisons of the changes in spectral powers for HEX versus GUA superimposed on YOH intervention
When compared to the control vehicle before the cold stimulation (Fig. 4: PreCS), YOH alone has increased the spectral powers of HF BPV , LF BPV , and VLF BPV .
However, when compared to the control vehicle under the stressful cooling challenge (Fig. 4: 
Discussion
Norepinephrine and epinephrine through 2-ADRs at several sites that participate in cardiovascular regulations, wherever located, these sites govern the central adrenergic neurons to inhibit sympathetic outflow, the peripheral sympathetic neurons to inhibit catecholamine release, and the resistance and capacitance vessels to enhance vasoconstriction (Timmermans and van Zwieten 1981 , Goldberg et al. 1983 , Elsner et al. 1986 , Grossman et al. 1991 , McGillivray-Anderson and Faber 1991 . We previously reported that cooling-elicited hemodynamic perturbations is highly relevant to the sympathetic activation and found that effect of β-ADR on myogenic vascular oscillations is less powerful than the effect of α2-ADR under the stressful cooling challenge (CS) (Liu et al. 2015a , Liu et al. 2015d ). Here we extend our studies on the effect by 2-ADRs in the progression of cooling elicited hemodynamic perturbations and based on our findings, focus on discussion of the resulting oscillatory changes in LF and VLF for both BPV and HRV, because those spectral power changes are known to reflect sympathetic activity and myogenic vascular oscillations. Compared with the YOH alone in PreCS (Fig. 3 and Fig. 4 : PreCS), we found that both systolic blood pressure and heart rate were decreased by the superimposition of HEX or GUA. On the other hand, the spectral powers for indication of sympathetic oscillations, LF BPV and LF HRV, and myogenic vascular and cardiac oscillations, VLF BPV and VLF HRV , were decreased by HEX+YOH, in general, but not much affected by GUA+YOH. We suggest the distinct pattern of spectral power effects between HEX+YOH and GUA+YOH could be due to the sparing effects of GUA on adrenal medulla (Abercrombie and Davies 1963). In the case of GUA+YOH, the release of epinephrine from adrenal medulla might activate the renin-angiotensin-aldosterone system and produce a positive chronotropic effect via β-ADR, which is different to the effects of HEX+YOH.
However, when compared with the vehicle control under the stressful cooling challenge (CS) (Fig. 3 and Fig. 4 : CS), we found that YOH decreased systolic blood pressure and most of the spectral powers particular LF and VLF for both BPV and HRV. We also found that YOH alone decreased most frequency powers for both BPV and HRV when compared CS with respective PreCS. The explanation lies in the fact that baroreflex compensation for the control cooling-induced pressor response might reduce LF BPV power, whereas the vasodilation-increased LF BPV after inhibition of peripheral postsynaptic α2-ADRs by YOH is unable to offset the CS-induced LF BPV reduction. In addition, it is possible that there were some reflexatory mechanisms still existed to decrease LF BPV and LF HRV due to the remained non-sympathetic vasoconstrictors even after blockade of α2-ADRs under CS. These results provide an insight that sympathetic activation in the progression of cooling elicited hemodynamic perturbations as an increase of LF BPV power to stimulate α2-ADRs may well increase the myogenic vascular oscillations as the elevation of VLF BPV power (Radaelli et al. 2006 , Liu et al. 2015d . We therefore suggest that YOH decreased VLF BPV power under CS is primarily generated by the peripheral rather than the central α2-ADR effects. Once again, we examined the validity of this suggestion compared the effects with and without sympathetic influences after inhibition of α2-ADRs in the following.
We observed that both the control cooling-induced pressor and the cooling-induced tachycardia responses attenuated by YOH alone were further attenuated by HEX+YOH and also by GUA+YOH. We also observed HEX+YOH similar to YOH attenuated most spectral powers specifically LF and VLF for both BPV and HRV when compared with the control vehicle under CS; however, those attenuation effects for GUA+YOH were different. The attenuation of GUA+YOH was apparently less potent than those effects of HEX+YOH or YOH alone ( unchanged by GUA+YOH but weakened by HEX+YOH under CS (Fig. 5) . However, the positive correlation trend for the LF pair under CS observed in YOH alone was changed back to a negative correlation tendency after superimposed GUA (GUA+YOH) but not HEX (HEX+YOH). These results indicated that both YOH and the superimposition of GUA still have remained an integral baroreflex feedback loop under CS. However, the superimposition of HEX abolished such feedback mechanism.
Finally, we observed both YOH and HEX+YOH reduced, but GUA+YOH enhanced, the magnitude of the appearance of Dn throughout the experiment course (Fig 3 (B) ). Overall these data demonstrated that α2-ADRs affect the appearance of et al. 1996) . Our previous report also indicated that LF reflected the activity of sympathetic modulation.
In conclusion, our current study provides new evidence that postsynaptic 
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